solution results under different parameters were compared, and the most practical service model was proposed.
I. INTRODUCTION
With the deepening of the construction of smart libraries, more and more intelligent interactive devices are gradually being applied to various scenes of the library [1] [2] [3] . Self-service shared printers are such devices which are favored by teachers and students. Self-service shared printer system is generally a closed system consisting of c printers and n input terminals (n>c). Due to price and other factors, the number of printers cannot be increased arbitrarily, but the input terminal equipment can be supplemented appropriately. Therefore, the following problems are often encountered during use, such as: 1) The actual utilization rate evaluation method of the printer is insufficient to deeply tap the potential, which is easy to cause resource waste or shortage; 2) Users in peak period reflect long waiting time in queue; 3) It takes a long time to wait for a print request response at peak times. For the solution of the above problems, it is necessary to scientifically and rationally optimize the combination, and also fully consider the economic factors.
Queuing theory at home and abroad has done a lot of study on computer networks, software reliability, transportation, social services, etc [4] [5] [6] [7] [8] . The library's research in the service desk and circulation services is also constantly achieving new results [9] [10] [11] . The standard form of the queuing model is X/Y/Z/A/B/C [12] , where X represents the distribution of successive arrival intervals, Y represents the distribution of service time, Z represents the number of service desks, A represents the capacity limit of the system, B represents the number of readers and C represents the service rules.
According to the configuration of the existing selfservice printing system in the library of Shanghai University of Medicine &Health Sciences, combined with the queuing related model and operational indicators, this study reasonably mines the background data information, accurately calculates the relevant parameters, and determines the optimal combination.
II. PRINTER SERVICE SYSTEM

A. Shared print service model
The self-service Shared printing system studied in this paper is to connect several Shared printers and input terminals within the designated local area network. The arrival of the user is in accordance with the Poisson flow [13] [14] . User arrival interval and print service time are subject to negative exponential distribution. The most striking feature is the closure, which is embodied as follows:1) The number of printers and input terminals in the system are closed, and requests from other terminals are not accepted; 2) As the input terminal of limited source, the actual arrival rate T is the average number of service requests per input terminal per unit time, rather than the total number of users of the system. Because the user comes to the system in a unit time, the attributes of each input are the same, and the random selection probability is the same. The average number of requests is consistent for each input terminal, while the number of requests received by the system in unit time is the real "queuing user". In fact, a closed printing system with multiple input devices, whether printing or copying requests, returns to the original system after completing the service and waits for the next service request, and so on. In this state, the system operation process conforms to the situation shown in figure 1. This figure is the closed print service model M/M/c/n/n that is mainly studied in this paper. The specific meanings of the parameters are as follows.
1. There are c self-service shared printers in the system, and the system capacity and input number are both fixed n. 2. Each input request rate is λ and the system average service rate is μ.
B. Operational indicator
From Figure 2 , we can derive the K-algebraic equations for system equilibrium.
State 0 (that is, the printer is idle), nλ P 0 =μ P 1 ，
The response probability of exceeding c but not exceeding n is:
(2)
L q is the average queue length and is the overall average queue length of the system. Among them, λ =λ(c-L s ). As we can see from the actual situation, there will be some input correct waiting for the printer response in unit time, only − input terminals can be used, that is to say, the actual number of requests printed per unit time is not λ, but λ . is the actual use efficiency of the printer, q is the response time waiting for the print request, and is the average print time of the staying system.
III. SELF-SERVICE SHARED PRINT SERVICE MODEL
A. λ estimation
For the number of print requests λ issued by each input terminal per unit time, it is necessary to calculate the average number of users in the unit time, namely, λT to determine. λT can be obtained by data mining statistical analysis based on the data recorded in the background of the access control system. Here, SPSS Modeler and other related software are used for modeling, as shown in figure 2 below. Therefore, the stratified sampling value of the daily printing time period is required. The 180-day sample was selected from the sample population of the 200-day print request, and the data was randomly selected for 10 days to calculate the relevant unbiased estimates, as shown in Table 1 Total 720 40 --1.00 ------54126 --32~38 43~54 λ ̅ 1 is the total number of people who arrive at the closed printing system every hour, λ ̅ 2 is the total number of people per hour during peak hours (12:30-14:30), and the range of λ ̅ 1 and λ ̅ 2 is 95% confidence interval.
B. μ estimation
In the same way, according to different types of printing services, the data of 15 days were randomly sampled from the total sample (180 days) service time, as shown in Table 3 . μ is the average number of printers per hour, and the range of μ takes a 95% confidence interval.
C. Operation result analysis
From the analysis of the results in the previous section, we can see that the service time is relatively balanced. Therefore, μ takes an intermediate amount of 74, and λT takes 50. As the number of input terminals configured is different, the value of the print request λm for each input is different, as shown in Table 5 below. In particular, it is pointed out that the calculation of some basic parameters in the running indicator parameters in table 5 It can be seen from Fig.3 that w q and w s increase with the increase of the input device, but the change is gentle, and the waiting time difference is within 1 second. It shows that for each input device, the number of print requests will increase correspondingly during the unit time period. At the same time, the system queue and stay time will increase, but the increase will gradually slow down. It can be seen that the less n value (within a reasonable range) the Shared printing system within a certain period of time, the greater the probability that the later users will actually wait longer. The overall printing efficiency and progress of the shared printer are affected, and the characteristics of fair and intelligent sharing printers cannot be fully reflected. The P 0 and P change nonlinearly with the increase of the input device, and the inflection point occurs when the input device is m=4, P 0 is the lowest and P is the highest. This indicates that the increase in input devices has an optimal solution for the efficiency of shared printers (here m=4).
IV. CONCLUSION According to the existing configuration, this paper extracts library data in Shanghai University of Medicine & Health Sciences and calculates scientific and reasonable parameter values according to relevant principles such as data mining and sampling statistics.Operations are performed by using related software and function programs such as SPSS Modeler and LINGO, and the operation results are obtained, and a more appropriate service model scheme is obtained through analysis. The theoretical basis is sufficient, the calculation is scientific and reasonable, the operation steps are simple, and the results meet the expected expectations.
The difficulty of this study is that after determining the closed and finite source characteristics of the system, it is necessary to fully investigate the practical significance of each parameter in the queuing service model, which part of the initial access control data may come from, and the selection of operational indicators with guiding significance. The research results can provide a theoretical basis for library management and decision-making, and also provide a strong guarantee for improving library service quality and satisfaction.
